Abstract. Between 1990 and 1994 , geodetic measurements (GPS observations) have been conducted across the New Hebrides subduction zone where the Australia plate subducts under the New Hebrides Arc. This paper establishes convergence rate variations along the trench. In the South, at Tanna, the relative motion is oriented N244 2 4 and has a uniform rate of 11.7 2 0.8 cm/yr. The rate at Efaté is 10.3 +. 0.9 cm/yr, oriented N242 h 4. Both azimuths very well compare with slip vectors of the last major earthquakes. In the North, the rate at Santo is only 3.6 f 1.2 cmlyr, oriented N253 f 26. The difference in the convergence rates between Santo on the one hand and Efaté and Tanna in the other hand points to a right lateral shear zone between Santo and Efaté. At Santo where the plate coupling is very high, the very low convergence rate might be related to the absence of recent strong earthquakes. No significant variations are detected for the baselines within the Australia plate.
Introduction
The New Hebrides subduction zone is part of the convergent plate boundary between the Australia an?' Pacific plates ( Figure 1 ). Along this trench, the Australia plate' subducts eastward under the New Hebrides Arc which borders the North Fiji Basin created by back arc spreading. Taking advantage of the presence of islands at close distances on both sides of the trench (baselines across the trench extend from 252 km to 580 km in length), we conducted GPS measurements in order to determine the convergence rate across the trench. We performed observations at sites on Lifou and Maré Islands on the Loyalty Ridge, at Nouméa on the island of New Caledonia, and at sites on the islands of Santo, Efaté and Tanna, in the southern half of the New Hebrides Arc (Figure 1 ). Tanna and Efaté belong to the peri-Pacific volcanic belt, while Santo is a piece of the inner subduction wall uplifted by the subduction of the facing d'Entrecasteaux Ridge [Taylor et al., 19801. The GPS data GPS data were produced during campaigns conducted from 1990 _ _ to 1994 and 1992 al., 19931 . The other campaigns were conducted by the ORSTOM Laboratory of Geophysics in Nouméa (see list in Table 1 ). Data were processed with version 3.4 of the Bernese GPS software [Rotliaclter et al., 19931 . The precise ephemerides distributed by the IGS center CODE (University of Bern) were used. Site positions were computed in single baseline mode, using the site of Lifou as a fixed reference site, and a no fiducial approach. All the site coordinates given further on refer to this fixed point on the Australia plate. The GPS results are given as weighted least square epoch averages computed from the daily solutions. The weights were computed on the basis of the formal errors, scaled in order that the reduced x2 factor equals 1 [ Dixon et al., 1991; Larsorz and Agnew, 19911 for each epoch. The uncertainties reported for these epoch solutions are twice' the a-posteriori uncertainties.
We divided the geodetic net into two subnets: the New Hebrides subnet which includes Santo, Efaté, Tanna and Lifou, and the New Caledonia subnet, including Nouméa, Maré and Lifou. Within the New Hebrides subnet, the different motions relative to Lifou provide the spatial variation of the convergence rate across the trench, and relative motions between sites within the New Hebrides Arc would suggest 
Results
The successive GPS measurements obtained for the sites of the New Hebrides subnet are reported in Figures 2 (plane series) and 3 (time series). It is worthwhile to note that in the time series the best fitting trends result of least square adjustments weighted by means of the complete posterior covariance matrices of the epoch averages. The rates of displacement with time are also given at twice the posterior uncertainties. Tanna is the southernmost site within the New Hebrides Arc, and the one of the subnet for which the baseline across the trench to Lifou (252 km) is shortest. The plane series shows a precise N244 C 4 trend in the positions. When fitted versus time in the hypothesis of uniform motion, these positions indicate a relative motion of 11.7 f 0.8 cmlyr. The site of Efaté occupies an intermediate location in the subnet. The baseline length with Lifou is 360 km. The relative positions for this site in the plane series are more scattered along the southwestward trend than those for Tanna. The best fitting orientation for the trend is N242 rl: 4 and the rate along this trend is 10.3 rl: 0.9 cmlyr. Santo is the northernmost site studied. It is connected with Lifou by a 580 km long baseline, the longest one in the net. Since the raw data for epoch 08/90 were not available, we have used the position given by Schutz et al. [1993] . This value, given in absolute position, had to be translated to our local system. We have used the absolute (ITRF) coordinates of the DORIS beacon at Nouméa to tie both systems. The 20 ellipse associated with this position accounts for the repeatabilities given by Schcitz et al. [1993] , the repeatabilities of the tie between the GPS. site and the DORIS beacon at Nouméa and 5 cm (on each coordinate) stated for the uncertainty on the location of the DORIS beacon. The best fitting rate of Santo is 3.6 f 1.2 cmlyr, oriented N253 f 26. The azimuth of the relative motion for this site is weakly for Nouméa and 1.6 f 0.7 c d y r oriented NI35 k 18 for Maré. However, these 2-parameter fits (uniform motions) have larger x2 and weighted rms than the I-parameter fits (no motion). The no relative motion result is thus retained for both sites.
Discussion
By using focal mechanisms, magnetic anomalies and the global plate model RM2 of Mirzster arid Jordan [1978] , Louat arid Pelletier [1989, further on L&P] have determined rates of convergence along the New Hebrides subduction zone (Table  2) . They found that the convergence rate decreases from north to south from 15 cmlyr oriented N252 at 13"S, north of Santo, to 12 cmlyr oriented N255 at 20"S, i.e. between Santo and 22"s; but with a lower rate in front of Santo, where the d'Entrecasteaux Ridge collides with the trench leading to the uplift of that island. 3.6 cm/yr oriented N190 for Efaté, consistently with an almost North-South opening along the complex structure trending WNW-ESE in the north of the North Fiji Basin [Louat and Pelletier, 19891. As far as the site on Santo is concerned, the convergence rate derived from the GPS results is much lower than the rates given by L&P and NUVEL-1 and the even larger value given by Taylor et al. [1994] . Taylor et al. [1987 and 19901 have shown that at Santo, where plate coupling is high [Louat et al., 19883, up to one third of the slip may be related to the recurrent strong seismic events. Part of the discrepancy between observed and expected rates may thus be due to the absence of such strong seismic events since 1965 [Taylor et al., 19901 , since the GPS-derived vector has been obtained during a period free of noticeable seismic event. Besides, Louat et al. [1988] showed that increased interplate coupling adjacent to the d'Entrecasteaux Ridge should result in a slow down of the convergence in that part of the trench. Thus, a permanent deformation within the arc and some back-arc compression might account for the rest of the discrepancy. Collot et al. [1985] report compression along the eastern side of the Central New Hebrides Arc. Daniel et al. [1989] report folds and faults consistent with a NO86 compressive tectonic stress in the Aoba basin, an intra-arc basin east of Santo (Figure 1) . Thrusting along the eastern border of the islands of Maewo and Pentecost is evidenced both on seismic grounds [Louat and Pelletier, 19891 and on tectonic grounds [Collot et al., 19851. To account for the differential motion between Santo and the southern sites, the New Hebrides Arc must undergo internal deformation. CMT solutions of the major events of a seismic crisis which occured in 1990 and which outline a right-lateral shear zone north of Efaté are reported in Figure 1 . The area north of Efaté has long been recognized as one where the arc undergoes major structural changes, and Collot et al.
[I9851 report right lateral slip lines north and south of the collision zone.
The baselines within the New Caledonia subnet are stable all through the observation period. Thus, no strain accumulation within the subducting Australia plate is detected either trenchward along the Loyalty Ridge with the LifouMaré baseline, or backward within the Loyalty basin with the Lifou-Nouméa baseline. If strain accumulation is present in the subducting plate, we failed to detect it, as did Larson arid Lisowski [ 19941 at the Pacific-Alaska convergence zone.
Conclusion
Spatial variations in the convergence rate along the New Hebrides trench are evidenced by repeated GPS observations of a net comprising sites on either side of the trench. The New Hebrides Arc which borders the overriding plate along the trench appears as a soft domain which undergoes most of the deformation due to the tectonic elements which disturb the subduction process. Figure 1 together with the relative motions derived in the present study. The azimuths of the GPS-derived vectors at Tanna and Efaté coincide with that of the slip vectors deduced from the Centroid-moment tensor (CMT) solutions of the last major thrust-type earthquakes which recently occured south of Tanna (12 February 1994, Ms=7.1, slip oriented N244; Dziewonski et al. [1994] ) and south of Efaté (5 March 1990, M s = 7.0, slip oriented N243; Dzieworzski et al. [1991] ). Global models such as RM2 or NUVEL-1 do not take the back arc tectonics in the North Fiji Basin into account. If NUVEL-1, although poorly constrained in the Southwest Pacific, is taken as representative of the motion between the Australia and Pacific plates, the difference between NUVEL-1 and GPS-derived vectors is due to the crustal motion in the back arc area and in the North Fiji Basin. It is 4.5 c d y r oriented N237 for Tanna 
